Introduction
Genome-based analysis of genetic sharing within and between individuals and the use of dense genomic polymorphism data in the direct evaluation of identity by descent (IBD) have provided powerful techniques for enabling advances in human genetics -on problems such as relatedness estimation, inference of population relationships, haplotype phasing and imputation, and various aspects of the mapping of disease-related alleles [1, 2] .
Runs of homozygosity (ROH), describing IBD for the two genomic copies possessed by a single diploid individual, represent a particularly informative type of genomic sharing. Because genomic sharing in an individual can result from processes taking place on different time scales, ROH both catalog haplotype homozygosity resulting from shared descent of two parents from the limited number of ancestors who underwent ancient population
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Abstract
Objectives: Recent studies have highlighted the potential of analyses of genomic sharing to produce insight into the demographic processes affecting human populations. We study runs of homozygosity (ROH) in 18 Jewish populations, examining these groups in relation to 123 non-Jewish populations sampled worldwide. Methods: By sorting ROH into 3 length classes (short, intermediate, and long), we evaluate the impact of demographic processes on genomic patterns in Jewish populations. Results: We find that the portion of the genome appearing in long ROH -the length class most directly related to recent consanguinity -closely accords with data gathered from interviews during the 1950s on frequencies of consanguineous unions in various Jewish groups. Conclusion: The high correlation between 1950s consanguinity levels and coverage by long ROH explains differences across populations in ROH patterns. The dissection of ROH into length classes and the comparison to consanguinity data assist in understanding a number of additional phenomena, including similarities of Jewish populations to migrations and record consanguineous unions in the recent ancestors of individuals. ROH studies have been used to measure inbreeding in individuals and populations [3] [4] [5] , to investigate influences of the features of population history on genetic variation among populations [6] [7] [8] , as well as to test for influences of genomic homozygosity on phenotypes [9] [10] [11] [12] [13] .
Levels of homozygosity vary by population as a result of the differing descent of different populations from the ancient migration events that have led to elevated homozygosities. Consequently, Pemberton et al. [8] developed a population-wise method for identifying segments that are sufficiently long to represent ROH. They devised a model-based clustering scheme that partitions the ROH of a population into 3 classes: short ROH, resulting from the pairing of ancient haplotypes; intermediate ROH, largely reflecting cryptic relatedness within populations or groups of populations; and long ROH, indicating recent consanguinity. This subdivision clarifies that multiple forces underlie the observation that high fractions of the genome lie in ROH in a variety of populations. For example, ancient bottlenecks in some Native American populations generate many "short" ROH, and recent consanguinity produces many "long" ROH in some populations of the Middle East. The ternary system of ROH classification has also been employed in analyzing the distribution of deleterious variants among ROH belonging to each of the 3 classes [14] and in detecting ROH of different classes from whole-exome sequencing data [15] .
In Jewish populations, studies of genomic sharing, primarily in the form of IBD analyses within and between populations, have produced 3 consistent patterns [16] . First, high levels of IBD sharing between Jewish groups have supported the existence of a component of shared ancestry for Jewish groups in distant locations [17] [18] [19] [20] [21] . Second, it has been observed that Jewish groups often have higher levels of within-group IBD sharing than nearby non-Jewish groups [18, 20, [22] [23] [24] . Third, studies have noted that Jewish groups vary considerably in their levels of within-group IBD sharing [17, 18, 20, 21] .
Here, we investigate ROH in Jewish populations, considering the extra information about consanguinity available from ROH -which examine the two haplotypes of an individual -compared to IBD calculations between individuals or populations. We make use of a remarkable demographic data set on consanguinity collected in the 1950s from many of the groups that we study [25, 26] . By relating ROH to demographic data on consanguinity, we find that the level of consanguinity measured in the populations is predictive of long ROH -both affirming the value of subdividing ROH into length classes and recording genetic evidence of consanguinity practices that existed during the 1950s. The results also contribute insight into the patterns observed in IBD studies in Jewish populations.
Methods
Genotype Data Processing
We assembled a data set of single nucleotide polymorphism (SNP) variants that combines information from two sources. The first is the data of Behar et al. [19] [19] ). 3. Two more populations (Russian and Mongolian) appeared in both Behar et al. [19] and Verdu et al. [27] , but with no overlap of individuals across the data sets. In these cases, all individuals were retained, but for each pair of corresponding samples, the two samples were treated as separate (1 for Verdu et al. [27] , 2 for Behar et al. [19] ). 4. Extensive quality control was performed in assembly of the Behar et al. [19] and Verdu et al. [27] data sets from raw genotype data. We retained the SNPs shared by both sources, discarding SNPs present in only one of the data sets. At 757 SNPs, the data sets had genotypes given for opposite strands, and we converted the Behar et al. [19] genotypes to match those from Verdu et al. [27] . After processing, the merged data set consists of 3,105 individuals from 141 populations, 123 non-Jewish and 18 Jewish, genotyped at 257,091 SNPs. We classified non-Jewish populations into geographic regions: Sub-Saharan Africa, the Middle East (together with North Africa), Europe, the Caucasus region, Central and South Asia, East Asia, Oceania, the Americas, and Admixed, containing African-American and Mexican-American samples ( Table 1 ). 
Identification of ROH
Within individual genomes, we identified ROH and classified them by size according to the procedure of Pemberton et al. [8] .
For each population, we estimated the allele frequencies at each SNP by sampling 40 alleles without replacement, calculating the allele frequencies from the sampled alleles. This resampling procedure is performed to account for sample size differences across populations ( Table 1 ) .
Next, to identify ROH, we employed a likelihood approach from Wang et al. [28] adapted by Pemberton et al. [8] . This approach considers a sliding window of n SNPs that moves along the chromosome with an increment of m SNPs. Because our SNP density was approximately half that of Pemberton et al. [8] (257,091 compared to 577,489), we chose ( n , m ) = (30, 1), in contrast to (60, 1) in Pemberton et al. [8] . By halving n , we arrange for the windows to contain comparably many base pairs to those used by Pemberton et al. [8] .
Following Pemberton et al. [8] , the strength of autozygosity for a window is quantified by a log-likelihood (LOD) score comparing the hypothesis that the segment is autozygous to the hypothesis that it is non-autozygous, allowing for an error term that accommodates genotyping error or mutation within autozygous regions. As in Pemberton et al. [8] , we set the error parameter to 0.001. For each population, we obtained the LOD score distribution across all windows in all individuals, using the "density" function in R with a Gaussian kernel and default nrd0 bandwidth.
As in Pemberton et al. [8] , the LOD score distributions have two modes. The locations of these modes differ by population, and for each population, we followed Pemberton et al. [8] in using the local minimum between the modes as the ROH threshold. All windows whose LOD score exceeded the population-specific threshold were taken to be homozygous, with contiguous windows joined and considered as part of a single ROH.
Size Classification of ROH
The length of each SNP window determined to be an ROH was recorded as the length of the interval between its two most extreme SNPs, including the endpoints. Again following Pemberton et al. [8] , separately in each population, we modeled the ROH length distribution as a mixture of 3 Gaussian distributions representing 3 ROH classes: (A) short ROH measuring tens of kb, (B) intermediate ROH measuring hundreds of kb to a few Mb, and (C) long ROH measuring multiple Mb. Unsupervised 3-component Gaussian fitting was performed population-wise, using the Mclust function from the mclust package in R, and allowing component proportions, means, and variances to be free variables.
Population
Sample size Source 
Demographic Data on Jewish Patterns of Consanguinity
We use demographic data reported by Goldschmidt et al. [25] on the rate of consanguineous unions in different Jewish populations in Israel during 1955-1957. Goldschmidt et al. [25] surveyed 11,424 mothers of newborn babies in maternity wards of 8 hospitals in Haifa, Jerusalem, and Tel Aviv, recording data on the unions represented by the parents of the newborns. Among unions classified as consanguineous, 3 further subdivisions were employed: "first cousins," "uncle-niece," and "more distant relationships."
Nine Jewish populations appear in both our genotype data and the demographic data from Goldschmidt et al. [25] : Ashkenazi, Iranian, Iraqi, Libyan, Moroccan, Sephardi, Syrian, Tunisian, and Yemenite. The Jewish population labeled by Behar et al. [19] as "Iranian" corresponds to the Persian population of Goldschmidt et al. [25] . We treated the "Sephardi" population (Behar et al. [19] ) as commensurable with the Turkish population of Goldschmidt et al. [25] , as the Sephardi sample in Behar et al. [19] was largely from the Turkish Jewish population.
For each Jewish group, we estimated the overall inbreeding coefficient by weighting the percentages of the population in each of the 3 consanguinity classes by their associated inbreeding coefficients. For first cousins, this inbreeding coefficient is 1/16; for uncle-niece unions, it is 1/8. For consanguineous unions that are more distant than first cousins, we assigned a value of 1/32. For non-consanguineous unions, we assigned a value of 0.
Results
Jewish ROH Lengths in the Context of Worldwide Populations
We first examined the ROH in Jewish populations in relation to those seen in other populations. Summing ROH lengths across the genome, we evaluated, within individuals, the total length of all ROH and the total length of ROH in each length class.
Across all ROH, the worldwide pattern refines the pattern found in Pemberton et al. [8] , with an increase in individual-level total ROH length with increasing distance of populations from Sub-Saharan Africa ( Fig. 1 D) . The Jewish populations have similar total ROH lengths to non-Jewish populations from the Middle East, Europe, the Caucasus, and Central and South Asia. The high variability across individuals in the total ROH length seen within Jewish populations is also observed elsewhere, most frequently in the Middle Eastern, Central and South Asian, and Native American populations.
As in Pemberton et al. [8] , the median length in an individual's genome that lies in the shorter Class A and Class B ROH increases stepwise with distance from Africa in successive continental groups ( Fig. 1 A, B) . For Class A ROH in particular, Jewish populations have distributions comparable to the Middle East, Europe, the Caucasus, and Central and South Asia ( Fig. 1 A, Fig. 2 A) . Permutation tests for a difference between a pair of population groups in the median across populations of the median ROH length across individuals -permuting group memberships and recomputing the absolute difference between group medians -confirm this observation, as low p values, indicating a significant absolute difference from the Jewish populations in Class A ROH length, do not occur for these regions ( Table 2 ) .
Unlike Class A and Class B ROH, which largely follow distance from Africa, Class C ROH lengths in non-Jewish populations have the highest values in the Middle East, Central and South Asia, and the Americas ( Fig. 1 C,  Fig. 2 C) . As was noted by Pemberton et al. [8] , individuals from these regions often possess high degrees of recent parental relatedness. After 2 Native American populations, the highly consanguineous Samaritan population isolate [29] has the highest median Class C ROH length. A number of Jewish populations, including the Mumbai, Kurdish, Iranian, Cochin, and Azerbaijani groups, have particularly long Class C ROH. Considerable variability in the pattern of Class C ROH exists across Jewish populations, with comparable variation across populations to that seen in non-Jewish populations of the Middle East and Central and South Asia ( Fig. 1 C) .
ROH Lengths among Jewish Populations
To compare ROH patterns across Jewish populations in more detail, we considered only the Jewish samples, reporting in Figure 3 the relationship between ROH lengths in pairs of classes. For ROH lengths in Classes A and B, Figure 3 A suggests that, for Jewish groups, a correlation is largely due to the Ethiopian Jewish population, the only Jewish group with substantial recent Sub-Saharan African ancestry ( r = 0.646, p < 2 × 10 -6 including Ethiopian Jews; r = 0.051, p = 0.486 excluding them). At the worldwide level, the major factor that drives strong correlations between Class A and Class B ROH ( Fig. 4 ) is high variability across continental regions in the residual signal of ancient migrations outward from Sub-Saharan Africa, whose effects contribute similarly to both classes [8] . With the exception of the Ethiopian Jews, Jewish populations trace to regions at comparable continental locations in terms of distance from Africa, so that continental differences that give rise to the correlation between Class A and Class B are largely absent. Excluding the Ethiopian Jewish population, observed heterozygosity is strongly negatively correlated with the total length of all ROH ( Fig. 5 D, ). Unlike in a worldwide analysis, in which the relationship with observed heterozygosity of total length in all ROH is more tightly connected to Class A and Class B ROH than to Class C ( Fig. 6 ) , in the Jewish samples, this correlation is driven primarily by Class C ( Fig. 5 C, ). The magnitudes of the correlations with observed heterozygosity are lower for Class A and Class B ROH lengths ( Fig. 5 A, B , r = -0.137 and r = -0.114, respectively). The pattern further indicates that other than for the Ethiopian Jews, differing ROH patterns across Jewish populations are attributable mainly to differences in Class C ROH lengths -and hence, to underlying consanguinity differences -rather than to differences in ROH of Classes A and B.
ROH Lengths and Consanguinity in Jewish Populations
For the Jewish populations, the data of Goldschmidt et al. [25] provide direct measurements of consanguinity. Therefore, with the aim of studying the relationship between demographic and genetic measures of consanguinity, we examined ROH lengths in Jewish populations in relation to the consanguinity rates reported by Goldschmidt et al. [25] . From demographic consanguinity data, we estimated a population inbreeding coefficient for the 9 Jewish populations that are also present in our genotype data. Consanguinity rates from Goldschmidt et al. [25] are reproduced in Table 3 , which also includes the associated inbreeding coefficients. For each ROH class and each non-Jewish population group, we determined the median ROH length across individuals for each population in the group. The absolute difference of the median of these values across populations from the corresponding median ROH length across Jewish populations was then calculated. The Jewish/ non-Jewish labels were permuted among the populations, and the number of permutations for which the permuted absolute difference was greater than or equal to the unpermuted absolute difference was tabulated. The Ethiopian Jewish population was excluded from the Jewish sample for these computations. The number of permutations was 100,000. Figure 7 examines the relationship between ROH lengths in the 9 Jewish populations and consanguinitybased inbreeding coefficients. We observe a positive correlation between the inbreeding coefficient of a population and the mean total ROH length of its constituent individuals ( Fig. 7 D) . A regression slope of 92.06 indicates that each 1% increase in the inbreeding coefficient contributes 92.06 Mb to the total ROH length, and the high correlation coefficient of r = 0.762 between the mean total ROH length and the inbreeding coefficient has p = 0.017. In considering ROH classes separately, we see that Class C ROH length is the most important contributor to this relationship, with both the greatest slope and the largest correlation coefficient ( Fig. 7 C, ( Fig. 7 A, slope = 12.10, r = 0.418, p = 0.263) and Class B ( Fig. 7 B , slope = 18.54, r = 0.621, p = 0.074) are positive for both the slope and the correlation coefficient but smaller. The stronger relationship between Class C ROH and the inbreeding coefficient, which is compatible with the view of Class C ROH as reflecting recent consanguinity, is robust to different assumptions regarding the appropriate choice of inbreeding coefficient for relationships more distant than first cousins ( Table 4 ). Note that the intercepts in Figure  7 are non-zero as even with no consanguinity in recent generations, inbreeding in earlier generations produces ROH. Because recent consanguinity is connected primarily to Class C ROH, the intercept is lowest for Class C. Total length of Class A ROH (Mb) Total length of Class C ROH (Mb) As As As As As As As As As As As As As As As As As As As As Total length of Class B ROH (Mb) Total length of Class C ROH (Mb) As As As As As As As As As As As As As As As As As As As As 
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Discussion
We have analyzed ROH in Jewish populations in relation to ROH in other populations. Short and intermediate ROH in Jewish groups, largely representing autozygosity for haplotypes that trace to ancient migration events, follow patterns seen in other groups from Europe and regions of Asia historically inhabited by Jewish populations ( Fig. 1 A, B) . Long ROH, however, indicating recent parental relatedness, occupy more of the genome in the Jewish populations than in most groups ( Fig. 1 C) , and they drive the differences among Jewish populations in total ROH levels ( Fig. 3 , 5 ) . Many Jewish populations, including the Azerbaijani, Cochin, Georgian, Iranian, Mumbai, Tunisian, Uzbekistani, and Yemenite populations, have some of the highest proportions of their genomes in long ROH among populations worldwide, comparable to many nonJewish populations of the Middle East and Central and South Asia, and exceeding non-Jewish European and African groups ( Fig. 2 C) . These high proportions of long ROH accord with demographic data that also identify high consanguinity levels in various Jewish populations ( Fig. 7 ) . ). This pattern of correlation reflects the fact that ROH of Classes A and B have been produced by a different process from the process that generates Class C ROH: the former by population-level linkage disequilibrium on longer evolutionary time scales, and the latter by recent consanguinity [8] .
ROH in Jewish Populations
Hum Hered 2016;82:87-102 DOI: 10.1159/000478897 97 Our ROH patterns generally agree with past data on genomic sharing in Jewish and non-Jewish populations. The ROH signals at the level of larger geographic regions add to the work of Pemberton et al. [8] , with short and intermediate ROH lengths increasing outward from Africa, and with long ROH occurring frequently in the Middle East, Central and South Asia, and the Americas. The ranking of Jewish populations by total ROH length largely accords with that of Waldman et al. [21] , obtained in a separate sample of individuals, with ROH detected using a fixed minimum length threshold for ROH identification rather than employing population-specific thresholds and ROH length classes. Among Jewish populations that overlap between our study and that of Waldman et al. [21] , Waldman et al. reported that in decreasing order, the Mumbai, Georgian, Cochin, Libyan, Iranian, Tunisian, Iraqi, Yemenite, Algerian, Moroccan, Italian, Syrian, Ashkenazi, and Turkish populations had the longest median total ROH lengths. The corresponding order in our study is Mumbai, Iranian, Cochin, Tunisian, Georgian, Yemenite, Iraqi, Algerian, Libyan, Moroccan, Italian, Ashkenazi, Sephardi (largely Turkish), and Syrian ( Fig. 1 D) . Although the specific rankings differ in several positions, both studies find that ROH values are generally higher in most Middle Eastern, North African, and South Asian Jewish populations than in the Ashkenazi and Sephardi populations.
More generally, studies of IBD levels across individuals within Jewish populations have detected similar patterns to those we have seen for ROH, typically with analogous Observed heterozygosity Total length of Class A ROH (Mb) As As As As As As As As As As As As As As As As As As As As As As As As Observed heterozygosity Total length of Class C ROH (Mb) As As As As As As As As As As As As As As As As As As As As Observed heterozygosity Total length of all ROH (Mb) As As As As As As As As As As As As As As As As As As As As higher IBD levels in Middle Eastern, North African, and South Asian Jewish populations than in the Ashkenazi and Sephardi groups [17, 18, 20, 21] . By subdividing ROH into classes, we have found that owing to their similar positions in relation to out-of-Africa migrations, the Jewish groups are relatively similar in their short and intermediate ROH, and ROH variability across populations lies primarily in the long ROH. It is possible that increased consanguinity rates that underlie an increase in long ROH can inflate IBD sharing not only for the two haplotypes of the offspring of a consanguineous union, but also for pairs of haplotypes in the population more generally. If consanguinity were to increase IBD sharing in this manner, then variability across Jewish populations in within-population IBD sharing might result in part from the differences among the populations in consanguinity rates. This argument is supported by an observation that in a population pedigree model, an increase in consanguinity decreases the mean time to the most recent common ancestor of a pair of lineages sampled from different individuals (solving eqs. 1-3 for V in Campbell [30] ). The reduced time to the most recent common ancestor from increased consan- Figure 1 . Considering all sampled individuals, the negative correlation between total ROH length and observed heterozygosity is strong ( r = -0.696). Class A and Class B ROH show similar patterns of correlation with observed heterozygosity ( r = -0.597 and r = -0.641, respectively), whereas the relationship is somewhat weaker for Class C ROH ( r = -0.477).
As
guinity generates an increase in IBD sharing as a consequence, because less time has transpired on average since the occurrence of recombinations that break down IBD segments. We note, however, that the model [30] that underlies this reasoning uses sib mating; further analysis of consanguinity models suited to human populations will be required for clarifying the relationship between consanguinity and within-population IBD sharing.
In the context of European and European-American populations, the Ashkenazi Jewish population has been seen to have relatively high ROH and between-individual IBD levels [22] [23] [24] 31] . With a larger number of European populations tested, this pattern is somewhat supported in our study, as ROH levels in Ashkenazi Jews exceed those in many, though not all, European populations ( Fig. 1 , 2 ) . Both according to ROH in our study and that of Waldman et al. [21] , and by within-population IBD [17, 18, 20, 21] , however, Ashkenazi Jews are not among the Jewish populations with the highest levels of genomic sharing. This result is observed for shorter Class A and Class B ROH as well as for the longer Class C. The status of the Ashkenazi Jewish group as a relatively homogeneous population isolate in relation to Europeans and European Americans contrasts with its shorter ROH and IBD segments in relation to many Middle Eastern, North African, and South Asian Jewish populations. This contrast also extends to consideration of Mendelian diseases whose prevalences are amplified by consanguinity, as Ashkenazi Jewish populations can be regarded as having a high Mendelian disease burden in the context of European and European-American populations, but not necessarily in relation to other Jewish populations [32] . Each data point represents a birth, and the consanguinity of the parents is tabulated, as reported by Goldschmidt et al. [25] . The population inbreeding coefficient is computed by summing 1/16 of the fraction of firstcousin unions, 1/8 of the fraction of uncle-niece unions, and 1/32 of the fraction of more distant unions of relatives. Because the total lengths of long ROH have a close conceptual relationship with the demographic consanguinity measure -closer than corresponding relationships involving the short and intermediate ROH lengths -the accord of the level of long ROH observed in individual genomes with demographic measures of consanguinity illustrates the perspective of Pemberton et al. [8] that long ROH reflect recent parental relatedness, whereas short and intermediate ROH reflect more ancient migration events. Among Jewish populations, both the lengths of long ROH and consanguinity levels are greatest in geographic regions where the non-Jewish populations also have high total lengths for long ROH. Many factors underlie the historical consanguinity practices of the various Jewish populations, including their levels of isolation from other Jewish populations, their interpretations of Jewish texts favoring consanguinity, and cultural and economic factors [25, 32] . The geographic overlap of high-consanguinity populations suggests that historically, consanguinity in the Jewish populations might have been influenced in some cases by factors similar to those that have contributed to consanguinity in neighboring non-Jewish populations. We found that each 1% increase in the consanguinitybased inbreeding coefficient predicted an increase of 92.06 Mb in the total length of ROH. This value corresponds to ∼ 3% of the human genome, a larger increase in ROH length than the 1% expected from a 1% inbreeding coefficient increase. Because the consanguinity-based measure is based only on the most recent generation, it does not capture effects of consanguinity in previous generations. Nontrivial consanguinity rates might have persisted over many generations, and a single-generation computation might substantially underestimate the true inbreeding coefficient.
Both for the Jewish populations and for other populations with high median values for the total length of long ROH, the variability across individuals of the total Class C ROH length was particularly high. It is possible that like the median, a high variance is also an indicator of high consanguinity levels. In this view, within a population, some individuals might descend from multiple generations of consanguineous union, whereas other family lineages -perhaps even most lineages -might not participate in a cultural preference for consanguinity at all. That such preferences vary among families within populations is seen in the aggregated Ashkenazi Jewish population, for which consanguinity rates vary by country of origin [25, 33] ; other variables such as religiosity and education level that can be intergenerationally correlated within families have associations with endogamy levels [33] . Further investigation of intergenerational patterns might shed light on the information possessed by ROH variances regarding consanguinity practices.
The demographic consanguinity data we have used were collected for births that occurred during the 1950s. More recent studies have documented substantial decreases in consanguinity for the Jewish populations [33, 34] . Even when the 1950s data were collected, consanguinity rates were decreasing; although the births for which consanguinity was measured took place during 1955-1957, marriages had a range of dates, and in most populations, more recent marriages had lower consanguinity rates [25, 26] . Our samples, collected from adult volunteers prior to the study of Behar et al. [19] , reflect a wide range of ages, and for 54 individuals among the 126 from the 9 populations for which consanguinity data were available, we were able to extrapolate from the age at the time of sampling to obtain approximate birth dates. This computation suggests a mean and median birth date of 1963, close to the time at which the consanguinity data were measured, with standard deviation 13 and a range from 1929 to 1989. It is interesting that although consanguinity rates in the populations have undergone considerable change, ROH evaluated in comparatively small samples of volunteers in the genomic era have recovered the signature of population-level consanguinity patterns measured near the time of their births, 6 decades ago. Note, however, that the modern sample might not be entirely independent of the 1950s data: because the 1950s data, with a sample size of >10,000, represent a substantial fraction of all newborns during 1955-1957 [35] in a population of <2,000,000 [36] , some of the participants in our study might very well be among those whose mothers were interviewed when they were born.
Genome-wide data sets provide new opportunities for comparing demographic and pedigree-based measures of consanguinity and relatedness with direct measurements of genomic sharing, with increasingly many applications favoring genomic values and even finding that non-genomic values can be unnecessary [37, 38] . We have seen that for understanding population history, including the history of consanguinity, genomic aspects of ROH are highly informative. However, significant additional information was obtained by considering ROH together with demographic data on consanguinity; we expect that studies will have increasing potential to capitalize on combinations of multiple forms of data in studying the recent history of mating practices and their genomic consequences.
